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Introduction K-suits presented in this report provide

baseline data necessary for appraising the

The Georgetown ocean Dredged Material Disposal effects of deposition of dredged material in

Site (DMDS) has been selected by the Corps of the Georgetown ocean disposal area. The study

Engineers for release of sediments dredged from also supplements existing knowledge of the

the chann-ls associated with Georgetown Harbor. physical, chemical, and biological character-

This disposal area is similar in depth and bottom istics of the nearshore sand bottom habitat

type to the larger Charleston Harbor Ocean Disposal off South Carolina.

Area located approximately 87 kim to the southwest.

Although the latter area was sampled in 1978 for a

baseline benthic and sedimentological characteriation
(South Carolina Wildlife and Marine Resources

Department, 1979), no similar data base exists for Review of Existing Information
the Georgetown DMDS. At the present time, the

Georgetown DMDS is being used under iterim approval The following survey of existing information

by the Environmental Protection Agency (EPA). is intended to provide a brief description of

Continued use of this site requires more baseline the environmental conditions and biological

information for final EPA site approval as resources near the Georgetown DMDS. This

authorized by the Marine Protection Research and information is compared with that described by

Sanctuaries Act (MPRSA). To obtain the necessary the US EPA (1982) for similar disposal sites

- data, the Corps contracted with the South Carolina within the South Atlantic Bight.
Wildlife and Marine Resources Department (SCWMRD)

to conduct benthic and sedimentolvgic al studies in ENVIRONMENTAL AND BIOLOGICAL CHARACTERISTICS

and near the reorgetown DMDS. Specific- objectives

of this stud' were to: Hydrography and Currents

1r Provide a review of existing iniOrmation A summary of previous studies which provide

,n [lre phvsical, chemical and biological conditions hydrographic data in the vicinity of the

in the vi; initv of the Georgetown IM.PS an, provide Georgetown DMOS is presented in Figure 1.

-- a u,:in1*1 iescrirtlon of biolccical , recreational, Although most of these studies sampled areas

or )thepr rt-'ur e that might !" iffected b' ocean either inshore or offshore of the proposed DMDS,

Iis: o ;a: the data generally support conditions described

' toe mineraloical. textural, and by the US EPA (1982) for nearshore South2' D,,;:ri : he ineah3£. a, txtualandCarolina waters.

-hemi, 1, narlter~stIs of the bottom s'ilments

i th; e.' wn'S., in ontrul site, in Surface water temperatures in tie nearshore

t "! ,-n -irrent" ,; the T),fDS, and in areas around Winvah Bay are usually within the

seasonal variation of 10-25 C noted in surveys

. ' s. d e:t red ,'r a ,'resent in near Savannah. <iharleston, and Wilrington (LS EPA,

1982), although temperituru have been noted"},,* *u r's. } in t . t o r o td in the
.r.tewhich cx eed l rse extrmes. FPr example,

t,r-1 n , ard to their Mathew iroid Pashib 1,17-
,  

I - ',noted surface
r- n , i ,.temperatures :r, -n - 1-2 ' in nearshore South

• - 7 -" • ,
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the requency with which species of a particular
group are IounO in a given collection group and
fidelity measures the degree to which species Results and Discussion
are restricted to a particular collection group.

HYDROGRAPHY
For trawl biomass estimates, a Model I two-

way analysis of variance without replication was Water column chemistry in the study area
used to determine whether the mean log-transformed can be influenced by runoff, nearshore and
biomass of beam trawl collections differed Gulf Streaw. current patterns, suspended
significantly etween seasons (winter, summer) sediments, eolian transport and other
and among areas (disposal, control, and "down factors. As a result, the water chemistry
current"). Due to non-normality and hetero- may vary considerably on a temporal basis.
geneous variances, a logarithmic Iloglo (x+l)] Runoff from Winyah Bay and the Santee
transformation was used on each variate Rivers decreases salinities, increases
prior to ,alculation or means and analysis of turbidities and deposits fine sediments
variance, offshore. Normal runoff from these systems

can be very high, with flows from the
.nfaunal community structure based on grab combined river systems being > 15,000 cfs

collections was evaluated using several indices (U.S. Geological Survey, 1979). In addition,
01 senecies diversity and cluster analysis. Species a longshore drift to the southwest is
diversity was calculated on the pooled samples usually present during sumer months, while
cllected during each station visit using a northeasterly flow exists during winter
>hannion's divers;it, index (H'), species richness months (Mathews and Pashuk, 1984). There-
(SR), ind evennes. (.T') (Margalef, 1958; Pielou, fore, depending on season and environmental
i,7-, >,tal number of species and faunal conditions, waters from Winyah Bay may move
abundance were also evaluated. Normal and either to the north or south along the coast
inverse cluster analvses were conducted on log- as well as spread out towards deeper waters.
transf:rmed abundance estimates from pooled (by
station) grab samples using the Bray-Curtis Oceanographic Parameters
similarity coe.ficient (Boesch, 1977). As
with i e trawl _Iustlr analyses, a flexible Values recorded for the oceanographic
a:rt inc stritec;, with a standard cluster parameters measured in this study generally
intensity coci i.ccent t3) of -0.25 was used agree with historic readings, although some
in ct. the normal and inverse analysis, of the salinities recorded during the winter
Species which Cccurred in fewer than 7% of the cruise were particularly low. In that
i)O grab samples were deleted from the data season, surface salinities were as low as
set since rare species usually do not have 21.9 °/oo at station DC03 and < 30 O/oo at
easily defined distribution patterns and DC02, DS03 and DS13 (Table 2). These low
can confuse interpretation of cluster salinities were the result of runoff from
analvsis. 7n all cases, species deleted a massive rainstorm which preceded the
lecause of rare occurrence were also rare in winter sampling cruise. Summer salinities
lbundance. tn order to accurately compare were generally higher than values observed
winter and summer data, bryozoans were also during winter. Except for the station in
deleted pricr to cluster analysis, since Winyah Bay (CHOl) which had salinities
they; were not enumerated during winter. < 15 %/oo from surface to bottom, only one
Wollowing normal and inverse analyses, a station (CS13) had surface water < 30 0/oo.
nodal inal'sts was performed using fixed During a two-year study in Winyah Bay,
station gr_,ups (DMDS, control, "down current", salinities at a station 2 miles upstream
iv ;eason) ind the inverse species groups from the mouth averaged < 15 °/oo and
to obttin estimates of fidelity and ranged from < 2 0/o0 to > 30 0/oo (Mathews

' ,n-ranyv as defined above, and Shealy, 1982). Nearshore surface
salinities off Winyah Bay are typically

30 0/oo (Mathews and Pashuk, 1977, 1982,
'' 'LAT [d N ASSESSMENT 1984).

;,ecimens't the knobbed whelk, Busvcon Dissolved oxygen (DO) and water temperatures
i a, were ,l ected in the DMDS, control were also within normal ranges and DO was

i-d "lo,.,, :%rrent" ireas for bioassay analysis. inversely related to temperature (Table 2).
ais, k was he only relatively sedentary Both summer and winter DO concentrations

,'mI whih was present in all three sampling were representative of the seasons sampled,
res ind wa. large enough to obtain suffic lent with higher values (> 10 mg/l) being found
t iomass f:r toal'sis. The species is also in cold waters (< 9.0°C) and lower values
)mmercia!'.v oar'.;ested in outh Carolina. All ( 6 mg/l) found in warmer waters (> 26.5C).

3. :;ria specmens were llected from beam Water temperatures were slightly cooler than
rwl samoleq taken in the three areas. After usual for summer and winter, but not abnormally
l'ect ion, ser-imens were preserved and so (Mathews and Pashuk, 1984).

in vzed i(-ording t the procedures outlined
V P'qetna, ot a:. . '). All chemical For all stations, turbidities were < 8.0 FTU

'intaminants, 'x'ot ii and crease, which in surface samples and < 13.0 FTU in mid-water
w,re' Inw 1 ed i- wat-ir 4.imp les were analyzed samples (Table 2). Highest values were
in to e tissue ;4-cmpi;es. normally encountered in bottom waters, where
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to provide a cumulative frequencv :urve from which each station, with all tow lengths standardized

the statistical parameters were calculated to 0.5 km baseu on Loran-C positio,.ing. Similar

according to Folk (19)3). beam trawls were made at the same 13 sites

in summer, but only after sediment, grab and

A pipette analysis was performeu n those water chemistry sampling was completed in order

samples which contained an appreciable amount of to avoid disturbance of the bottom. Organisms

fine-grained material. These samples were obtained in each tow were preserved in 10%

dispersed by adding 100 ml of IN sodium seawater-formaldehyde for later identification.

metaphosphate ((NaPO 3 )x* Na20)] as a dispersing Biomass estimates were also obtained for each

agent and agitated using an ultrasonic dismembrator sample.

for 15 minutes. After complete deflocculation

was achieved, the samples were wet-sieved through Quantitative benthic samples of macrofauna

a I230-mesh stainless steel screen to separate were collected using a Smith-McIntyre grab

the sand from the silt and clay. The silt and while the research vessel was anchored on

clay fraction was then transferred to a 1000-ml station. Five replicate samples were collected

graduated cylinder and the sample was pipetted at each of the 13 stations (in addition to the

using the withdrawal times and depths as separate sediment samples) both seasons. After

as outlined by Folk (l465). The percentages measuring the volume of each grab sample, the

of sand, silt and clay were also recorded for collected material was washed through a 1-mm

these samples and plotted on a standard sediment- sieve. Organisms and sediment remaining on the

type triangular diagram. sieve after washing were removed and preserved

in 10% seawater-formaldehyde with rose bengal

Subsamples of sediment cores were also stain. Samples were then brought to the

collected for analysis of the following laboratory a-d organisms were sorted, identified

parameters: Total organic carbon (TOC), to the lowest taxonomic level, and counted.

chemical oxygen demand (COD), Kjeldahl nitrogen,

nitrite nitrogen as NO 2 , nitrate nitrogen as For qualitative collections by beam trawl,

NO 3 , oil and grease, lead, zinc, mercury, diversity was evaluated by comparing the number

soluble phosphorus as P04, total phosphorus as of species (a) among stations. The Kruskal-

P04, iron, cadmium, arsenic, chromium, nickel, Wallis one-way analysis by ranks (Siegel, 1956)

copper, PCBs (as Arochlor 1254), Heptachlor, was used to determine whether median s differed

DDT and metabolites, Endrin, ieldrin, BHC, significantly among the three areas sampled:

Mirex, Methoxychlor, Chlordane, Toxaphene and disposal, control and down current. A signi-

high-molecular-weight hydrocarbons. All samples ficant difference in a between winter and

were preserved, processed and chemically summer was evaluated by the Mann-Whitney U-test

analyzed using the procedures described by (Sokal and Rohlf, 1982).

Pequegnat et al. (1981) and outlined for hydro-

graphic analyses, except that metals were measured Qualitative data on the presence or absence

in two ways: after total extraction (bulk of species collected with the beam trawl were

chemical analysis) and after partial extraction analyzed by cluster analysis to determine

with O.IN HCl. A second set of samples was patterns of similarity among stations and

collected from three stations (CS09, DS08, species. Only species which occurred in two

DC02) and preserved in the same manner for or more trawl collections were included in this

delivery to the Charleston District Corps of analysis.

Engineers.
Species and collections were classified

Sediment samples were not collected during using a flexible sorting strategy (Lance and

the winter season. However, qualitative Williams, 1967) with a cluster intensity

observations were made for each grab sample coefficient (8) of -0.25. The Jaccard

collected for benthos. similarity coefficient (Clifford and

Stephenson, 1975) was used with presence/

During surmner, additional sedimentological absence data obtained from beam trawl

studies included diver observations of the collections.

bottom. Unfortunately, very strong currents and

extremely poor visibility drastically reduced Normal and inverse classifications were

the effectiveness of this effort and detailed produced for combined seasonal data. The result

results are not presented. of normal classification was a dendrogram in
which collections were clustered based on their

degree of similarity in terms of species presence.

BENTHIC COMUNITY ASSESSMENT Inverse classification produced a dendrogram in
which species were -lustered based on their

Macrofauna were sampled during both seasons degree of similarity in terms of presence in

at all randomly selected ites in the .MDIS and collections (Williams and Lambert, 1961).

control areas, as well as at the three "down

current" statiuins. Prior to water chemistrv or Subsequent to cluster analysis, species and

grab sampling during the winter, qualitative station groups were chosen using a variable

epifaunal samples were ibtained at each t the stopping rule Boesch, 1977). Nodal a':ilvsis

13 stations using a beam trawl si-I ar t that was then used to express the degree of species/

described by Pequegnat et il. lWI . ne tiw site group :oincidene in terms of ecological
was -ade in a north-south directinn thrrig;i constancy and fidelity. ,onstancv expresses
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Table 1. Geographic positions of sites sampled during the winter and
summer, 1983.

SITE STATION SEASON LATITUDE LONGITUDE

DS03 winter, summer 330 10.72'N 790 7.23'W

DS06 winter, summer 330 10.72'N 790 6.80'W

DS08 summer 330 10.97'N 790 6.37'W

0 DS09 winter 330 10.72'N 790 6.37'W

DS10 summer 330 11.22'N 790 5.92'W

DSl1 winter 330 10.97'N 790 5.92'W

DS13 winter, summer 330 1l.22'N 790 5.48'W

CS02 winter, summer 330 12.17'N 790 7.05'W

CS04 winter 330 12.42'N 790 6.62'W

CS05 summer 330 12.17'N 790 6.62'W

0
CS09 winter, summer 330 11.92'N 790 6.17'W

z
0

CS1O winter 330 12.42'N 790 5.73'W

CS1 summer 330 12.17'N. 790 5.73'W

CS13 winter, summer 330 12.42'N 790 5.30'W

DC01 winter, summer 330 10.28'N 790 6.92'W
z

o DC02 winter, summer 330 9.53'N 790 7.47'W

DC03 winter, summer 390 10.28'N 790 7.88'W

* CHOI summer 330 13.20'N 790 11.35'W

CH02 summer 330 11.57'N 790 8.0'W
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station was .ocated between the ONUS and onshore estimates or current speed aind direction.

resources. Liordinates tsr these stations, All measurementS were obtained whiie the
collecti,:elv referred to as 'down current" research vessel was anchored on statiun.
stations (bigure 3), are listed in Fable I. Surface measurements were obtained it

Two additional stations were located in the approximately 3-m lepth to insure that the
entrance crianvc I, t ne ir the outer limit instrumect was at least 1 - below the vessel's
of the south jettv ind )he tarther ip tie keel. Bottom measurements were obtained

channel near the ;eortetown Iijhthouse approximateiy I :i above the bottom. Inter-
(Figure 3 .these hannel static'ns were only mediate curreut measurements were not taken

sampled during the summer season. due to the nallw water depths at the

stations.

HYDROGRAPHIC ASSESSMENT (;eneral meteorological and related

observations were noted during every station

:emperature, >alinitx, dissolved oxygen visit. Observations included estimates of wind

and turbidity measurements were obtained at direction and speed, barometric pressure, cloud

surface, midwater and bottom depth intervals cover, precipitation, wave height and wave

using Van ,orn nottles. A standard thermometer direction.

was used for temperature measurements and

Yellow Springs Instrument SC. -DO meters and

probes (Model 33 S.r, Model 51 DO) were used SEDIMENTOLOGICAL ASSESSMENT

to measure saliiitc. and dissolved oxygen. The

accuracy of these instruments, was verified Bottom sediments were collected at all

prior to sampling Iy separate measurements of 15 stations during the summer season using a

a surface water sample taken at each site using Smith-McIntyre grab. This grab is designed

a backup set of instruments. Turbidity samples to take an intact sample of offshore sandy

were brought to the laboratory for measurement sediments with minimal washout. Sediments

on a Hach Model 21dMOA turbioimeter. All water were removed from the center of the first

parameters were measured during winter and undisturbed grab sample collected at each

summer periods it nine stations: two in the site using methods described by Pequegnat

DMDS area (most landward and most seaward et al. (1981).

stations), two in the :ortrol area (most
landward and most seaward stations), the three Sediment subsamples for granulometric

"down current" staticn., and the two channel an-lyses were allowed to air dry and then

stations (summer only). ; -aggregated using a rubber-tipped pestle

and split into two representative portions.

During the summer sampling period, One half of each sample was used for

additional water samples were collected at mineralogical analysis and the other for

four stations (CSOQ, DS08, DC02 and CH02) for textural analysis. Those samples which
analyses of oil and grease, lead, zinc, mercury, contained significant quantities (more than

cadmium, arsenic, chromium, nickel, copper, a few percent) of material finer than 4 4

PCBs (as Arochlor 1254), Heptachlor, DDT and (0.0625 mm) were analyzed by both coarse sieving

metabolites, Endrin, Dieldrin, BHC, Mirex, and pipette techniques.

Methoxychlor, Chlordane, Toxaphene and high-

molecular-weight hydrocarbons. These samples A mineralogical analysis was performed on

were collected from bottom waters using a each of the samples to determine the percent

nonmetallic, acrylic, Van-Dorn type water weight of quartz and calcium carbonate (shells).

bottle with silicon-coated end caps. The Acid leaching using dilute (10%) HC1 was

samples were collected, processed and utilized to determine the calcium carbonate

analyzed in the laboratory using methods content of the samples. Those samples which

described by Pequegnat et al. (1981). In the contained a high percentage of clay (making

case o trace metals, the alternative them very compact) were placed in distilled
procedures described in Federal Registers water and disaggregated using an ultrasonic

(Vol. , No. 223, p. 69568; Vol. .4, No. 244, dismembrator. After sample disaggregation was

p. 31 23; -) were used. Nutrients were achieved, 200 ml of dilute HC1 was added to

measured using a Bausch and Lomb Model '0 dissolve the carbonate constituents. Upon

spectrophotometer. Pesticides and hydro- complete leaching, the weight of the dried

carbons were measured using a Hewlett- filtrate was determined and the percentage of

Packard gas hromatograph, and oil and grease acid-soluble calcium carbonate was calculatec

was measured bv freon extraction. All metals for each of the samples.

were analvzed either on a Perkin-Elmer Model

306 or Model Tho atomic absorption spectro- A grain size analysis of the bottom

photometer, with the Model 306 being used for sediments was performed to determine the mean

all flame :nalvses p'us the mercury flameless grain size, sorting, skewness and kurtosis for

analysis, and the Modei 460 being used for the samples. Grain size determinations were

graphite furnace (flameless) analyses, made using a Ro-tap mechanical shaker and 1/2
interval screens. The weight of the sediment

Current measurements were obtained at retained on each screen (sieve fraction) was

the I) stations outside the channel during recorded. The weight percent and cumulative

both seasons. An bndeco Model 110 current weight percent for each of the size classes

meter was used to obtain surface and bottom were determined. These data were then plotted
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since there ireo Ur r :-no , any signi icant impact on the wildl in

nearby Figure . ereat i. to 1.. those areas. Furthermore, disposal is not
around the entr.l,. ani 1i:-;t anticipated to adversely affect the neare',t
Winvah Bay may , "', ' I t r ., recreational beaches, which are located

by increased water 'tir!idtv, approximately 15 miles to the north of

Winvah Bay. Finally, shipping to the port

of Georgetown would not be impeded since

Natural Ind "rt i: .,, the disposal area is located outside of the

shipping <hannels.
:'he ipproximat,' ...... . ..... cial

reefs itt the stady r,.,' i it ,

Figure 5. Ihe "'eriet' reef

nearest the DM)KS and is i U tto roximatelv
'5r miles to !he nrhei ' -6'b. Fne "he Methods

-" - only other re n:er tile 'i hre the "Tetord

and "Cit; 0: Ri wem'nd" wr octed . proxi- LOCATION OF STUDY AREAS

mately miles Lo the sout -southi' ast. it is

" unlikely that these ree:s would be negatively The general location of stations sampled

influenced bv disposal i),,ritions in the in this study is shown in Figure 8. Stations

Georgetown DKDS, due t,, teir distance from located in the Georgetown DMDS were within the

this site. Natural hard , ttom reefs are not boundaries defined by a rectangle having the

known to occur in the area around "invah Bay: following corner coordinates:

rather, most natural reefs are Located further

offshore (Henry and ;iles, 1'7a; :iller and (i) 3311'18"N (2) 3311'18"N
Richards, 1980; SCW 42RD, !982), or farther 79

0
07'20"W 79

0
05'23"W

to the north (Parker et al.. 1)79). "East

Bank", a shoal located approximately one (3) 33-10'38"N (4) 33'10'38"N

*mile to the southwest of the D,010 mav 79'07'21"W 79
0
05'24"W

be a shell bank supnortinc sessil- reer
biota: however, no studies have been The control sites selected for study were also

done on this bank. located within a rectangular area situated

just north of the entrance channel to

Georgetown Harbor. Water depths in this

Endangered Species area were similar to the DMDS and the control

area was approximately the same distance from

Habitat locations for endangered species shore. Coordinates of the corners of the

in the study area are summarized in Figure 6. control area were:

The two most important species that might be

" affected by offshore disposal operations are (1) 33
0
12'30"N (2) 33-12'30"N

* the shortnose sturgeon (Acipenser brevirostrum) 79'07'0q"W 79
0
05'12"W

and the loggerhead turtle (Caretta caretta).

* . Shortnose sturgeon have been 'oilerted (3) 3311'50"N (4) 3311'50"N

around the Jetties in winter (Smith, T.I.J., 79'07'09"W 79
0
05'12"W

pers. comr. ) , but this species spends most of

its life in freshwater (Leland, 1968). The Within both the DMDS and the control sites,

incidence of loggerhead turtle nesting is 15 points were located so that there were

moderate on North Island and hi4h on South three rows of 5 equally spaced points (Figure 8).
Island (Davis et al., 1980). In South Carolina, The four corner points in each area were

adult females Lome ashore to nest from mid- located approximately 150 m inside the site
May to mid-August, and many appear to use the boundaries. The east-west separation of points

waters around the DMDS during their movements was approximately 680 m and the north-south

* (Hopkins and Murph, 1i)1. The influence of separation of points was approximately 460 m.

disposal activities on turtle movements are Five points from each of the above areas (DMDS,

not known, hut effec:ts woulti probablv ,e control) were randomly selected during winter

limited to localized interrlpt n t usuwre (February 1983) and summer (July 1983) sampling

migration rather than any Aircot Impact n periods using a stratified random selection

beach nesting ir2is. technique; i.e., one point was randomly

selected from each of the 5 columns of 3 points.

Other Resources This sampling design insured adequate sampling
of each area for a complete representation of

The hocation of marine hist ,ri- il !,ature-, the bottom. The random sampling design also

preserves, widlife enters. r , r,-v , permitted appr,,priate itatistical analyses.
beaches and "erts are shown in Pires i nd 7. Stations selected for sampling during each

The only near,%y historic-al feature. -ier than season are listed in Taole i. All stations

the shipwrecks mentionte: :)revi,.usi,, is the were located usin:, Loran-V poisitiong with a

"Sir Robert Peel" wre,:k rocated itst inshore Loran plotter svstem.

of the :MDS. So hist ri,-al ieatires ire ien wn
5 to be located with in the 10)5 , Alth .cu! there Based )n the guidelines of tequegnat et al.

ire numerous "nreere- . m w l.ditl ,nt,rs alonw 11981) and ,n limited -urrent data, two stations

the ,:oast, offt;hor-c lispo;sil : sand sediments were lo-ated in the general direction of
in the ,eorsect ,wn 7) I. ,.t' wr '' tel U nave predominaint nearhore currents, ind a third

0 . , .. . . . ,. . .. .. ." "
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(Ictalurus catus), Atlantic croaker will probably not have much effect on the

(Micropogonias undulatus), hog choker inshore shellfish grounds, since they are

(Trinectes maculatus) and tonguefish not close to the DMDS (Figure 5).

(Svmphurus plagiusa). Hinde et al. (1981)
also collected these species and numerous The amount of blue crabs caught in
others. Georgetown County was greater during

spring, summer and fall months than during
Biological data collected from the winter, with greatest catches during March

above studies generally support the infor- of 1982 (SCWMRD, unpubl. data). As noted
mation presented by the US EPA (1982) for for clam and oyster beds, it is unlikely
the South Atlantic Bight. However, excep- that the blue crab fishery in the Winyah
tions are noted with respect to infaunal Bay and Santee River estuaries will be
assemblages (see Results and Discussion). influenced by offshore disposal of sand

sediments.

LOCATION IN RELATION TO LIVING AND NON- Commercial finfish landings in

LIVING RESOURCES Georgetown County totaled more than two
million pounds (SCWMRD, unpubl. data). As

Fisheries and Shellfish Grounds noted earlier, many of the fishes landed
include black sea bass, grouper, snapper,

Commercially and recreationally important porgy and other reef fishes. These fishes

species found in the estuarine and coastal are associated primarily with offshore

marine areas around Winyah Bay include hard bottom reef habitats, which have not

shrimp (Penaeus setiferus, P. aztecus), blue been found near the Georgetown DMDS.

crabs (Callinectes sapidus), oysters
* (Crassostrea virginica), clams (Mercenaria Winyah Bay is the location of the

mercenaria), Atlantic sturgeon (Acipenser biggest Atlantic sturgeon fishery in the
. oxyrhynchus) and other finfish species Sea Islands coastal region (McKenzie et

such as black sea bass (Centropristis al., 1980) and almost 50,000 lbs. of
striata), porgy (Pagrus pagrus, Calamus sturgeon were landed in Georgetown County
leucosteus), grouper (Mycteroperca microlepis, during 1982 (SCWMRD, unpubl. data).
H. phenax), red snapper (Lutjanus campechanus), These fish are generally caught with nets
mackerel (Scomberomorus cavalla) and many set in the ocean near the jetties. Due
others. The general location of these to the proximity of this fishery to the
fisheries is summarized in Figure 5. Georgetown DMDS, there is the possibility

of negative effects if disposal activities
Commercial shrimping occurs primarily take place when sturgeon are abundant

within 3 miles of shore; however, around near the DMDS. Although specific effects
the entrance to Winyah Bay shrimpers often of disposal operations on sturgeon popula-
work further offshore (3-5 mi.). In South tions have not been documented, Morton
Carolina, shrimping occurs from May through (1977) noted mortality and displacement
December with peak catches in September and of other fishes resulting from increased
October. Incidental catches from the turbidity. Leland (1968) indicates that
shrimp fishery are also economically impor- sturgeon gather at the inlets during
tant and include many finfish species February and March and then move up the
(Keiser, 1977). Shrimp populations in the inlets as temperatures rise. The fishing
area around the disposal site might decline season around the jetties begins 15
during periods of disposal due to the February and ends 15 April, although
associated increased turbidity; however, sturgeon are still in the area after
the effects of offshore disposal of that date (Smith et al., 1982; SCWMRD,
dredged materials on shrimp populations unpubl. data). Most sturgeon landings
have not been adequately studied, in Georgetown County occurred from February

to June during 1982, with peak landings
The mollusk fisheries are also seasonal, occurring during March and April.

* beginning in September and ending in May. Negative impacts on the sturgeon fishery
In Georgetown County, clam landings were could be minimized if disposal operations
of much greater economic value than oyster are avoided during the period from mid-
landings during 1982 (SCWMRD, unpubl. data). February through May.
Clam harvesting in the Santee estuary
increased considerably after the introduc-
tion of hydraulic harvesting in 1974 Recreational finfish catches are
(McKenzie et al., 1980). The scheduled primarily from head-boat charters to

redtversion of waters from the Cooper offshore reefs, fishing on private boats

River estuary, however, is expected to for reef fish and large pelagic species,

largely destroy shellfish grounds in the and pier fishing. Most recreational

Santee estuary. Disposal of offshore finfish catches would not be influenced

channel sediments in the Georgetown DMDS by disposal activities in the Georgetown DMDS

0d
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levels ano noted iighest concentrati,.ns jetties Hnde et 11., al LI

in summer and early fall and lowest concent rd- diverse irlupl .tssvm. .lges were T1tll!: 1:I

iions in winter. all areas, with t encri1v ,-mintin4
the COMMUnile'. Abundant inlaunil pecies

Jones, Edmunds and Associates, inc. (1979c) in the 'harleston :)MJS area included tne
w r.easured concentrationsof nutrients, trace metais, ,ee halochordate tanoch ist~L. m ari a im; tue
and or4anic pollutants in waters frm the sipunculid Asptiosipon 5ninalis; the '.l.':hates

* Georgetown :)MDS, as well as from four stations piophanes ,ombvx, t;oniaddes ar.iAln"e, >I,

in the entrance channel. They did not detect pettihonea, . .Jnet aid inos: cc
any pesticides or PCBs in their samples, nor cristata; the lunuliti r- br oan upuladria
did they observe high concentrations of doma; the imphipod Romvnius e iisto ; Ind
nutrients or trace metals among the samples nematodes ".'an Polah _ot al. , 1983. .\t >murre ls
tested. However, the, did measure cadmium Inlet, the abundant subtidal iniauna were the
concentration in DMDS waters which was 22 polvchaetes S. bombvx, Scolelepis siluamata and
times the limiting permissible concentration. Podarke obscura; the amphipods Protuhaustorius

deichmannae, Acanthohaustorius nillsi, and
Bed sediments in itinvah Bay were analyzed Platvischnopidae; the bivalves Tellina sp.,

for trace metals and pesticides by Johnson Crassinella martinicensis and Donax variabilis;
(1970). He concluded that Winyah Bay is and nematodes (Knott et al., 1983b). In the
relatively unpolluted by pesticides, although entrance channel to Georgetown Harbor, the
he found some trace metals. Sediments in the bivalves Mulinia lateralis and Crassinella
Georgetown DMDS have not been analyzed for lunulata and the polychaetes P. cristata and
pesticides or trace metals prior to the present Paraprionospio pinnata were most abundant (Hinde
study, but Van Dolah et al. (1983) noted only et al., 1981).
low concentrations of metals and nutrients
in sediments collected from the Charleston Sessile benthic invertebrates commonly

* DMDS. found in the Charleston DMDS included the hydroid
Clytia cvlindrica; the bryozoans Membranipora

Biology tenuis, Microporella ciliata and Parasmittina
nitida; and the barnacle Balanus venustus.

Phytoplankton and zooplankton communities Most of the these sessile species were attached
have not been well studied in the nearshore to large shells, and other firm substrata. The
coastal waters of South Carolina. The limited bivalve Chama macerophylla and the sand dollar
data available for these planktonic groups is Mellita guinquiesperforata were also prevalent
best summarized by Sandifer et al. (1980). In in this DMDS, with M. guinguiesperforata being

Winyah Bay, Allen et al. (1982) examined most common in finer sediments (Van Dolah et al.,
chlorophyll concentrations and noted highest 1983).
values in summer months (July - Sept.). Just
north of Winvah Bay, Lonsdale and Coull (1977) In the entrance channel to Georgetown Harbor,
examined the seasonal composition of zooplankton sand dollars (M. quinquiesperforata) were the most
communities in North Inlet. They noted that abundant large invertebrates collected by dredge,
copepods dominated the community (64-69% of whereas shrimp (Penaeus setiferus, P. aztecus)
total density) with the most abundant species and blue crabs (Callinectes sapidus) were the
being Parvocalanus crassirostris, Acartia most abundant invertebrates caught by trawl
tonsa, Jithona colcarva, and Euterpina acutifrons. (Hinde et al., 1981). Wenner et al. (1981) also

" The 'S EPA (1982) also notes that inshore waters found these decapod crustaceans to be numerically
" are dominated by copepods. dominant in their study of Winyah Bay.

The potential effects of offshore disposal No long-term effects of disposal on benthic
on plankton communities around the Georgetown communities have been detected in the Charleston
DMDS *:annot be easily defined, but it is likely DMDS, primarily due to the similarity of dredged
that increased turbidities from disposal material to the existing sediments in the
operations would have some localized impacts. disposal area (Van Dolah et al., 1983). Data
Of most concern are the nauplii of certain on benthic communities present in the Georgetown
species :)f shrimp (Penaeus setiferus, P. aztecus) DMDS were lacking prior to the present study.
and larval ichthvotauna. Short-term disposal
"t ;and sediments should not have an enduring Demersal fish communities associated with
impact on these taxa, but longer-term disposal sand bottom habitat in South Carolina coastal
or disposal )f silts and clays might be more waters have been examined by Wenner and Barans
severe in their etfects. (1980). Dominant species in the 9-18 m depth

zone included southern porgy (Stenotcmus
Benthic communities are probably the best aculeatus), sea cat (Arius felis), sand perch

biological indicators of disposal impacts because (Diplectrum formosum), lizard fish (Svnodus
most infannal species comprising those communities foetens) and spot (Leiostomus xanthurus).
ire relatively sedentary. Benthic communities Abundant fishes caught in the Winyah Bay
inhabiting sand bottom areas of shallow coastal estuarine system by Wenner et al. (1981) and

• waters have been examined in the Charleston DMIS Allen et al. (1982) included Atlantic menhaden

(US EPA, 1982; Van Dolah et al. , 1981) and at (Brevoortia tvrinnus), silver perch (Bairdiella
' iurrells Inlet (Knott et it., 1983a, 1983h). chrvsura) , bay anchovy (Anchoa ; ichilli) , tar
Limited samples were il.,, "allec ted in the drum (Stellifer lanceolatus) , weakfishti vnosc ion
entrance =hanne! t ', invah (a,: ;:1st out~side the reg al si s spot (T. xanthurus) white c it h

~ ,- •. . .. / . . "
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Figure 4. Three-dimensional plot of bottom survey data collected in the
Georgetown D14DS by the U.S. Army Corps of Engineers, April 1983.
Rectangular boundaries represent the DMDS boundaries and dots
represent the stations sampled during winter and summer in the

present study. The vertical scale is greatly exaggerated relative

to the horizontal scale.
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greatest trut)iditv woulId 0/ expected due to present studv'r elcw the dctacn limit
suspended s ediments. 1: [ose bottom samples, for each metal, whereoa. :oncentrations noted

turbidities in winter would have been influenced by JEA were as hic h as 7f)u g/i for nickel

by the iiu runoff trom . invah Bay, which produced and 1 iJO .g/I tor l ad. inc concentrations
a maximum or -'.') FmP it station DS03. Fhe highest (minus estimatc. measured in the -ontrol blank

bottom turbidities in summer (up to 28.0 FTL/ may sample) were lower than the concentrations
have resultec rm the ativitv .)f shrimp trawlers noted by .IEA, hut arsenic -:.ncentrations

in the arei luring toe surmmer sampling cruise, were all higher than those meisur,,d y JEA,~i.e., 32.4-92. ' ,,/ versus , 10.0-3u.0 g/1

T'urnidities it the mouths of other South (Table 4).

Carolina estuaries ltave greatly exceeded the
maximum valae recordeu during this study. Mathews A study in Corpus Christi Bay by Holmes
and Shealy (1982) and Mathews et al. (1981) reported et al. (1974) found a seasonal variation in

maxima of 135 F-T at the mouth of Charleston Harbor, cadmium and zinc concentrations, but their

91 FTU at the mouth of the South Santee River, and overall results for estimates obtained in

84 FTU at the mouth of the North Santee River. Our winter correlate well with this study. Summer
winter and summer maxima were much lower (42.0 and values obtained by Holmes et al. (1974) were

28.0 FTI', resp-wtivell .rd, hence, well within much higher due to stagnation within the bay,
the extremes nted t ,tor nearv sites, a c.ondition clearly not prosent in our study

area. Windom (1972) reported copper, lead,
Currents cadmium, zinc and mercury concentrations

in the Savannah River before, during, and

Measurements obtained at the 13 offshore after dredging operations. He noted values

stations indicate that water movement in the DMDS, of < I to 56 _g/1 for copper, < 2.0 to 9.8 tg/l
* control and "down current" areas is strongly for lead, 0.05-0..9 g/l for cadmium, 11-32

influenced bv tidal currents (Figures 9-10). g/l for zinc, and 0.15-0.21 ag/l for mercury.

Current velociLes ranged from 0.1-0.9 knots Our values were comparable, although we noted
during winter and .1-1.1 knots during summer higher cadmium concentrations and lower lead

sampling periods (Appendix i). Surface and concentrations (Table 4).
bottom current, ,enerallv flowed in a southerly

or south-easterly direction during ebb tides. The various PCBs and pesticides listed in

This suggests that water leaving Winyah Bay Table 4 were below the 50 ppb detection limits
is diverted by nearshore currents which generally listed by Pequegnat et al. (1981) and, hence,

run in a southerly directiun along the coast they are assumed to be trace amounts. The

(Mathews and Pashuk, 1977). Current directions oil and grease determination however, was

measured near slack-tide periods were more positive but not particularly high. Our
variable and often differed between surface and values ranged from 3.0-4.0 mg/l as compared

bottom waters. G enerally, flood-tide currents to the JEA (1979c) range of 20-29 mg/I.

were first detected near the bottom and ebb-tide

currents were tirst observed in surface waters

(Appendix i). .)uring flood tides, the general BOTTOM SEDIMENTS

current direction was towards the north, or

towards the Winvah Bay entrance channel. Thus, Granulometric Analyses
tidal currents appear to have a stronger

influence on waters in the vicinity of the Bottom sediments at stations sampled in

DMDS than nearshore currents. However, the the DMDS consisted of moderately to poorly

limited current measurements collected during sorted quartz sand having an average mean

this study were only intended to supplement grain size of 0.710 (Table 5, Figure 11).
other hydrographic data and these measurements The silt and clay content of the five samples

probably do not adequately define current collected from this area was less than 1%
regimes in the study area. (Table 6, Figure 12), suggesting that finer-

grained sediments are winnowed out as a

Chemistry and a lUuantS result of wave and current activit". Bottom

sediments in this region are apparently
Trace metals were generally low in not below the wave base, thus inhibiting

concentration, with many being below the deposition and allowing for removal of fine-

Sd.,tection limits, e.g. nickel, copper, lead grained sediments. The coarse sandy bottom
and mercury 'Appendix 2 and Table 3). The present in the disposal area suggests that

values reported in this study are generally any fine-grained sediments previously disposed

much lower tan values noted by lones, Edmunds in the DMDS have been largely dispersed from
and Associates (lEA) (1979c.) in their study of the study area.

the eorgetnwn Harbor channel, but were more
similar to the Interstate Electronics Corp. (IEC) The concentration of calcium carbonate

results (I'S E7,A, 1a8') obtained for the (shell material) varied from 4.66 - 14.97%
Charleston SF111 (Table 4). Specifically, our in the disposal area (Table 7, Figure 13).
cadmium concentrations were higher than the Station DS03 had the highest concentration

-EC Charlestr values (maxima of 7.1 jg/l and of calcium carbonate (14.97") as a result
0."93 1,g/I, resse:ctivev) , but much lower than of the abundance of both whole and fragmented

the JEA Georgetown resatr; ( up to 150 ug/I). shell material. Some of the shell material
. Nickel md led :-ncentrations measured in the present may be from "East Bank" (a large

0- i i - . ' ": : _ . , , .. . . . . .
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Table 3. Maximum concentrations of various substances measured in
sediment, water, and tissue samples collected from the
vicinity of the Georgetown DMDS.

PARAMETER SEDIMENT WATER TISSUE

Oil and grease CH02 687 mg/kg DS,DC 4.0 mg/i ND

Nitrate as NO3  CS13 533.33 mg/kg NA ND

Nitrite as NO2  CH01 106.28 mg/kg NA ND

Total Kjeldahl
Nitrogen DC01 994 mg/kg NA ND

Soluble Phosphorus
as P04  DS03 1.72 mg/kg NA ND

Total Phosphorus
* as P04  DC01 53.13 mg/kg NA ND

Total Organic
Carbon DC01 0.810% mg/g NA ND

Cadmium ND CS05 7.1 mg/i ND

Arsenic CS13 1.47 pg/g CS05 92.8 mg/i DS 2.34 mg/g

Chromium ND CS05 5.3 mg/1 ND

Nickel ND ND ND

Copper DC03 4.02 pg/g ND DS 9.65 mg/g

Iron DC03 15,473 pg/g ND ND

Lead ND ND ND

Mercury DS08 0.61 ug/g ND ND

Zinc CH02 41.04 ug/g CHOI 265 mg/i DS 53.61 mg/g

Pesticides ND ND ND

Total resolved
Hydrocarbons CS02 8.95 pg/g CH01 416.63 mg/i ND

ND - Not Detectable
NA - Not Analyzable

0 i
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Table 5. Statistical analysis of the grain size distribution for sediments
from the Georgetown DNDS and vicinity. Data presented in 0 uni.s.

STANDARD

STATIONS MEAN MEDIAN DEVIATION SKEWNESS KURTOSIS

DS03 0.16 0.90 1.41 -0.56 0.83
DS06 0.91 1.10 0.83 -0.32 1.24
DS08 0.86 1.15 1.05 -0.45 0.94
DS10 0.80 1.10 0.78 -0.50 0.75
DS13 0.84 1.08 0.79 -0.39 1.04

CS02 0.83 1.15 0.83 -0.52 1.20
CS05 0.78 1.15 0.85 -0.58 1.34
CS09 0.60 0.70 1.00 -0.15 1.06
CS11 1.13 0.45 2.52 +0.48 2.12
CS13 0.83 1.08 0.95 -0.36 0.85

DC01 1.89 2.00 0.65 -0.39 1.27
DC02 1.03 1.20 0.85 -0.42 1.81
DC03 4.59 4.60 2.56 +0.05 0.83

CHO1 1.58 1.50 0.83 -0.05 1.09
CH02 3.73 3.10 1.88 +0.53 1.02

I°

I ",

J JIm ~ lJj imbJm~l~lm
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Table 6. Percentages of sand, silt and clay in sediments from the
Georgetown DMDS and vicinity. Estimates represent percent
by weight.

STATIONS SAND SILT - CLAY

DS03 99.74 0.26
DS06 99.96 0.04
DS08 99.33 0.67
DS10 100 trace
DS13 100 trace

CS02 99.40 0.60
CS05 99.96 0.02

* CS09 99.46 0.54
CS1 83.66 6.42 9.92
CS13 99.85 0.15

DC01 99.11 0.89
DC02 99.88 0.12
DC03 37.89 27.39 34.72

CHO 99.94 0.06
CH02 54.72 20.09 25.19
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CLAY

2% 76%

Sandy Clay Silty Clay

~0 1 ReCilagyeyi Silty San SandCyy Silt
SAND/SILT

25% 60% 76%

7Tigure 12. Shepard's classification of sediment types at stations in
the Georgetown DS and vicinityp.
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Table 7. Calcium carbonate content of sediments from the Georgetown DMDS
and vicinity. Estimates represent percent by weight.

CaCO3 QUARTZ

STATIONS (Shell) (Non-carbonates)

DS03 14.97 85.03
DS06 6.18 93.82
DS08 8.39 91.61

DS10 5.26 94.74
DS13 4.66 95.34

CS02 6.00 94.00
CS05 7.33 92.67

CS09 10.88 89.12
CSII 10.65 89.35
CS13 10.09 89.91

DC01 9.65 90.35
DC02 6.33 93.67

DC03 27.69 72.31

CH01 3.46 96.54
CH02 16.38 83.62

p
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F~igure 13. Distribution of percent calcium carbonate content of
sediments collected from the Georgetown MMS and vicinity.
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shell panki Located to the west of the DMDS. contamination in sediments are the same as
those for water pollution, i.e. runoff from

Like those at 0DS sites, bottom sediments urban areas, eolian transport, various
,t -nntr'l sites conqistei primarilv of moderately industrial sources and occasional spills.
to poori. -red clean coarse sand having an Depending upon current regimes, flushing
average mean grain size of 0.830 (Table 5, Figure rates, and mixing processes, contaminant loads.
11). All of the control site stations, with the in the sediments can be insignificant or
exception of stition CS11, contained less than 1% relatively high. As noted previously,
bv weight of silt and clay Table 6, Figure 12). dispersal of suspended sediments near Winyah
Sediments at Cqll consisted of medium sand Bay should be rather widespread, thus precluding
containing .-,2. silt and 9.92% clay. The average the buildup of contaminants in a small
mean grain size of these bottom samples was not geographic area.
significantly different from that of the disposal
area (P -j.05, ANIVA). Values obtained for the Maximum trace metal concentrations measured
concentration of calcium carbonate (shell material) in this study are presented in Table 3 and
are, however, slightly higher in the control area Appendix 3. The extreme concentrations are
(Table 7, Figure 13). listed in Table 8 for each site and are compared

with previous studies in the Charleston DMDS
Bottom sediments collected at the "down (US EPA, 1982, SCWMRD, 1979). Utilizing the

current" sites differed from sediments found in total digestion procedures, our concentration
the DMDS and control areas. Medium quartz sand ranges exceeded values noted in the Charleston
was present at DC01 and DC02 (Figure 11), and DMDS for iron, nickel and zinc (Table 8).
C03 consisted mostly of a calcareous coarse silt Highest concentrations of these metals
(Tables 5-7, Figures 11-13). The accumulation of occurred at the channel station CH02. The
this fine-grained shell hash (27.19% CaCO 3) may high iron concentrations may be due to long-term
result from wave abrasion of shell material present industrial discharges. All trace metal
on "East Bank". All three samples collected from concentrations measured in our study were
the "down current" sites were consistently finer- within (or lower than) the extremes noted by
grained than those samples examined from either Chen et al. (1976).
the control or disposal sites (Table 5), although
differences were not statistically significant Windom (1973) found mercury in marsh
(P > 0.05, ANOVA). The decrease in grain size sediments along the Savannah River up to 4 ig/g,
suggests a southerly current dispersal pattern for considerably higher than our maximum of 0.61
the sediments in the area. og/g. In addition, Holmes et al. (1974)

reported zinc concentrations in Corpus Christi
The two samples collected from the entrance Bay sediments from 6-235 iJg/g and cadmium from

channel leading into Georgetown Harbor differed 0.1-1.9 pg/g. In each case, the maximum
from sediments collected at most of the offshore concentrations noted far exceeded our maxima,
stations. Station CH02, located near the seaward i.e. 235 vg/g versus 41.04 4g/g and 1.9 og/g
extension of the jetties, consisted of poorly versus < 0.1 vg/g. In a 1971 study at Winyah
sorted clayey sand (Tables 5-7). The high Bay, Johnson (1972) observed sediment
concentration of silt and clay (45.28%) suggests concentrations of 48-76 ug/g copper, 92 ug/g
that the channel acts as a settling basin for the zinc, 3,800-4,800 ag/g iron, 8-12 ug/g arsenic, -
deposition of silt and clay. This sample also 4.0-16 wg/g lead, 0.063-0.088 wg/g mercury at
contained a high concentration (16.38%) of calcium a station 9-12 miles up river from the mouth.
carbonate (Table 7). Station CHOI, located further No detectable cadmium or chromium concentrations
up the bay, consisted of moderately sorted, clean were noted in that study. Concentrations
medium sand. Both of these samples suggest that detected in our study using total digestion
the sediment currently being deposited within the were higher for mercury, iron, and chromium;
channel is finer-grained than the sediment found lower for lead, arsenic, copper, and zinc; and
within the control or disposal sites located similar for cadmium (Appendix 3).
offshore.

Utilizing data obtained by partial
Bottom sediments observed by divers showed extraction with 0.1 N HCI, we found all metals

evidence of wave disturbance at some stations but except lead to be lower in concentration as
not at others. Divers also observed wave influence compared to total digestion (Appendix 3).
of sediments at stations in the Charleston DMDS Partial extraction tends to remove the readily-
which were even deeper than those sampled in the leached metals from the sediments, which might
eorgetown DMDS (SCWMRD, 1979). Thus, it is be available for bioconcentration. Values we
probable that wave disturbance is an important observed, based on partial extraction, were
factor influencing bottom sediments in the generally similar to the concentrations noted
';eorgetown DMDS. in Busycon carica tissue (Appendices 3 and 12).

Copper and zinc concentrations, however, were
Chemistry and Pollutants higher in the B. carica tissue than in the

sediments, and the concentration of lead in
Although contaminant concentrations were the sediments at CHO2 was higher than that

quite low fcr most )f the water samples collected noted in B. carica. Bothner et al. (1980)
I- this study, thev were much higher in the found zinc concentrations virtually identical
sediments. -he higher oncentrations measured, to ours in sediments from an area southeast of
however, are not abnormal. The usual sources of Winyah Bay at mid- to outer-shelf depths.
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Their iartta ocnitn4 t-1 11:t4c 'Ised 1is . taxa itn CLi tr . ," 1 IC' tr . :,• lh c j ,tp,

N HNO _a d ien c, : icso - ted ocentra- also acccnte. f'r tie .t,;rcest number of

t0ions or i d .'pcer. Tlheir findings species in irei'ece o -,ctiuns :rotm ' iriyah
__d____ ''' intrhr.'cent" 'Bay (liite et iL., libi) and the ocean

meti n - , t Tron , i ti shelf disposal area near (iharlesron (arbor ('an'
I r,,Iiua. Dolan et LI., 1 I, although. toe ordet of

their import inc differed among the studies.
? ,[<b- ,, ? sti id s were , t c e

ill hC -aJiments at all.- of the Decapi)d rustaceains dominated the three
stat ioll , "11)e ,A:penix 3) . -oncentrations areas sampled luring winter and summer in

J! , .i i an ' lrn have been reported as terms of por:enr :ntribution o species
:11411 a, . . . k , 3. , kk, and '4.l i c kg, (Figure 1 -. isi. were also impcirtant at

risne . ,i, a Bay sediments J2ohnson, most sites, Qx,-ept tor control. stations
ur 'esot t ie miouth and offshore sampled in winter, where brvozoans ranked

'v '' n s"'ew"'u- -"ier than these, since second to decapod crustaceans in numier of

'ur ' e mit was 50 g/kg, :hen et al. species. For all stations combined, bryozoans

.Si rtreme, :or both PCs and were more diverse in winter than summer,
pesticides, o -1 . g'kg. ,'iout finer whereas the number o c:nidarian and fish species

resolution, je :,i enlv conclude that our increased in summer.

samples .ay have neen within these limits.

Species which occurred in more than half
'tV ,irin _ carbon (700' measurements of the 2o collections taken from the three

itelded ".alues from ,.)7 mg/g at CSO5 to 3.10 areas sampled were the portunid crabs

rIg ' at DC0i . iese extremes coincide with Ovalipes stepliensoni and Portunus gibbesii;

values reported tar the Charleston DM]S (Table the hvdroid Halecium sp.; the penaeid shrimp

i. i! reuse determinations ranged from Trachvpenaeus constrictus; the bryozoan
c, t <PCI, 'S5<3. and 93b, to Membranipora tenuis; and the sciaenid fish

kigh _ e.K! at ,H02. 'Or maximm at Leiostomus xanthurus. Only one of these species,

ea,h 'it, ertilv exceeded the oil ind grease M. tenuis, was also frequently encountered by

:once.trit.)ns reported for the Charleston Hinde et al. (1981) and Van Dolah et al.

1M' , )or :C and oil anid grease (1983) in faunal surveys of Winyah Bay and the

v'le , were relativel. low compared Charleston TD DSP, respectively. Seasonal

t ' e"tr :i n- rep.orted 'v Cheu al. 196). comparisons cf the most frequently encountered

species in beam trawl collections indicated
Sec nutient concentrations varied that only ,3. stephensoni, P. gibbesii, T.

ons r-en sampling sites (Appendix constrictus, and M. tenuis were widespread in

3.. a b u :i,-trite concentratiuns i 533.33 both winter and summer (Table 9). In addition,

,o kg .rreic it 'Ri. , while the minimum more taxa were frequently encountered during

I. m- K a s .'rde it .aS03. Sediments summer collections than during winter,

in -ie 'a;.I: ;ire c'oneral Iv had much lower suggesting a seasonal change in the occurrence

nlet-,I ,nS nitrite titan tt.e ather sites of certain taxa within the three areas sampled.

1 . i .. A l -sampling sites

'!I.l t ad much niher nitrate Seasonality also apparently had an effect

LIto's tian t it' ns 'amoLed in the Charleston on the number of species (s) occurring in the

'3't , si .i similarly variable study areas. The median number of species

with r-": r i i, ,,ne muceh igher than collected in summer (120 total taxa) was

roM '2 1D a)e 3). significantly greater than in winter (88 total

taxa) (P , 0.05). This pattern was consistent
I: : i 1 .I,-H ; nltr<, en ranged from 20-994 for each of the three areas sampled and, with

k s with ,r tari - i. etween the sampling only two exceptions (DS03, DC03) was also

al manitude of consistent for sites sampled during both winter

r "r- :,we'.r, i~rc.ed with i,lies and summer (Figure I5). The high number of
'' .l " - ' '0 r-species observed at DC03 in winter was probably

related to the presence of a large quantity

of submerged wood, which provided suitable

substrate for epifaunal colonization, Submerged

substrates such as shell and wood occurred in

varying quantities at several stations and no

doubt contributed to much of the variation in

number of species amoTIn stations (Figure i5).
17. rl'' 1 I$ 1 i t' 'uri' , winter

c:=,c: i'} ;e, i, , , _1, No .:'nsistent trends ind n, staitisticallv
r '1 t i; , significant differences in median s were found

o T 1 " p. n' r o T r its 'l e, ted, Among the three samp 1 ing areas (1 ' . 05).
r t 'Cu ' 'were However, 1 c)mpari-'on ot total I mong these

ix"'"-' x r ' Ip. roups areas indic:Ited thiat tCt r i ns in lie 'ntrol
e, n U' its 21 site 'iehded the"st. 1 s pec ie whereas

A in"' 'lown current' id 1 ip,.';,' ,a a i s vie ldC
''. ' e ,r'irmttids. 36 aol ')3 -p'ci-' , teo m'it ti.''v Ihi, is

1 'i'", " T .. . . , I:" 'F I-'!~ tt'not()werthiv il :i % -ie -~t , id[ e,;ial
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• R v Y :: 17! ,'-: , !.. ed d.''ilK tile sum~mer -. "

',a ,:1 r , ,: i L,4' , their aibundance at 1 i:
ca . .i . m ,.hi:1. c t mated,:, .. ' .. r.

I't: o,". ",:,.ri. i .i'c ' : tes hould be . , , : :. . . "
I r. 1, -< r .

r .' :c ' .: ' , . : t c:, . : _"ferenit ma ior" ,- ,: .. • . _, :

ec r"'etown .)MS was .

' , .n t repo rted by t
.in t, harleston s-h-.. " 1

3Th ,ere rmm " .... 1
c " "in ,elecpods na', .. r'---- , -

1 Ind sipun, uli , -
' r, :,..~ t,,] . .;: :c:::- c ortno n it the

n U. .ea. : t ri'ut ion
r,:w,-I area, we "! iii - Jei . ot each

noted tti i . riiion in the specie' -r r- ter tan a of
m , I :undance) (Table t'e oils was plitted
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Table 13. Number of individuals representing each of the major macroinvertebrate taxa in grab samples

from control, disposal, and "down current" sites. (* - bryozoans were not enumerated in
winter samples).

CONTROL DISPOSAL DOWN CURRENT COMBINED
STATIONS STATIONS STATIONS STATIONS

Total Total Total Total

Taxa Number Rank Number Rank Number Rank Number Rank

Pelecypoda 2337 2 3197 1 893 1 6427 1

Polychaeta 3159 1 1031 3 550 2 4740 2

Amphipoda 1490 3 330 5 81 4 1901 3

Bryozoa* 204 11 1198 2 247 3 1649 4

Ascidiacea 255 8 498 4 o4 6 817 5

Nematoda 498 4 88 9 67 5 653 6

Decapoda 421 5 109 7 50 7 580 7

Echinodermata 309 6 76 10 24 11 409 8

Sipunculida 245 9 151 10 13 406 9

Nemertinea 271 7 74 11 46 8 391 10

Oligochaeta 196 12 93 8 31 9 320 11

Gastropoda 239 10 27 14 16 12 282 12

Cumacea 113 13 26 15 2 17 141 13

Anthozoa 105 14 10 18 4 16 119 14

Isopoda 23 16 51 12 26 10 100 15

Nysidacea 43 15 47 13 7 14.5 97 16

Turbellaria 18 17 2 21 - - 20 17

Tanaidacea - - 18 16 - - 18 18

Cephalochordata 3 21 12 17 1 19 16 19

Hemichordata 3 21 3 19 7 14.5 13 20

Ostracoda 7 18 2 21 1 19 10 21

Stomatopoda 5 19 1 23.5 - - 6 ,1

Brachiopoda 3 21 2 21 - - 5 23

Echiurida 2 23.5 - - 1 19 3 24

Pcnogonida 1 25.5 1 23.5 - - 2 5.5

Scaphapoda 2 23.5 - - 2 25.5

Phoronida 1 25.5 - - 1 27

Total 9953 7047 2128 19128
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Table 12. Number of species representing each of the major macroinvertebrate taxa in grab samples
from control, disposal, and "down current" sites. (* indicates a taxon that was probably
represented by more species than indicated due to uncertain or incomplete identifications).

CONTROL DISPOSAL DOWN CURRENT COMBINED
STATIONS STATIONS STATIONS STATIONS

Number of Number of Number of Number of

Taxa Species Rank Species Rank Species Rank Species Rank

Polvchaeta 116 1 94 1 58 1 152 1

Amphipoda 37 2 22 3 16 2.5 42 2.5

Pelecypoda 30 30 2 16 2.5 42 2.5

Gastropoda 31 3 12 5 7 5 36 4

Decapoda 29 5 16 4 12 4 33 5

Echinodermata 7 6 5 7 2 7 9 6

.sopoda 4 9.5 6 6 1 16 7 7

Mysidacea 5 7 4 8 3 a 5 8

Sipunculida* 4 8 3 9 1 16 4 9

Cumacea 4 9.5 1 20.5 1 16 4 10

Anthozoa* 3 11 2 11 1 95 3 11

Bryozoa 2 13 3 10 1 16 3 12

Hemichordata* 2 13 1 20.5 1 16 2 13

Scaphapoda 2 13 - - - - 2 14

Nemertina* 1 17 1 14 1 9.5 1 15

Oligochaeta* 1 17 1 14 1 9.5 1 16

Turbellaria* 1 17 1 14 - - 1 17

Nematoda* 1 17 1 14 1 9.5 1 18

Ostracoda* 1 17 1 14 1 16 1 19

Tanaidacea - - 1 20.5 - - 1 20

Ascidiacea 1 23 1 20.5 1 16 1 21

Brachiopoda 1 23 1 20.5 - - 1 22

Cephalochordata 1 23 1 20.5 1 16 1 23

Stomatopoda 1 23 1 20.5 - - 1 24

Zchiurida 1 23 - - 1 16 1 25

Pvcnogonida 1 23 1 20.5 - - 1 26

Phoronida 1 23 - - - 1 27

Total 288 210 127 357

. . . .. . ...
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included the Atlantic croaker, Micropogonias Grab Collections
undulatus; the grey trout, Cvnoscion regalis;
the banded drum, Lartmus fasciatus; the cownose Grab samples from control, disposal, and
ray, Rhinoptera bonasus; the portunid crabs "down current" stations yielded more than

Callinectes similis and Arenaeus cribrarius; 19,000 individuals representing at least 357
the brown shrimp, Penaeus aztecus aztecus; and species of invertebrates (Tables 12, 13;
the brown alga Sargassum natans. Appendices 5-10). More species and individuals

were collected from the control site than
Groups F and G contained species which from disposal or "down current" stations

were generally ubiquitous throughout the study (Tables 12 and 13). Collections from "down
area and, therefore, not faithful to any current" stations yielded considerably fewer
particular site group. Group F species were species and individuals than control or
most consistently collected during summer disposal sites, but this reflects, in part,
at stations in groups 1 and 2. Two species, the reduced sampling effort in that area
Prionotus carolinus and Calliactis tricolor, (three stations versus five at CS and DS areas).
were collected only in summer. Species in
Group G were those which were frequently The number of species collected during
collected at most stations during both seasons, the present study was considerably higher than
The most frequently encountered species in the that collected for the Savannah, Charleston,
study (ovalipes stephensoni, Portunus gibbesii, and Wilmington DMDS study (SCW-DMDS; US EPA,
Halecium sp., and Trachypenaeus constrictus 1982). In that relatively limited survey, only
occurred in this group. The only species in 28, 82 and 30 species were found in and
Gr up G which was temporaly restricted was adjacent to those disposal areas, respectively.
Brevoortia tyrannus, the Atlantic menhaden, However, a more intensive study of the
which occurred only in winter. Charleston DMDS (Van Dolah et al., 1983)

reported the occurrence of 439 species,
Groups H and I included infrequently indicating that diversity in sand bottom habitats

collected species which were not very constant of South Carolina coastal waters may typically
or faithful to any site group. In these groups, be much higher than previously reported. Knott
the sponge Tenaciella obliqua; the fishes et al. (1983b) also reported collecting a large
Trinectes maculatus and Raja eglanteria; and number of species (205) in shallower water off

the decapods Hexapanopeus angustifrons, Acetes the beaches near Murrells Inlet, South Carolina.
americanus and Persephona mediterranea were
collected only in summer, while the horseshoe Overall, polychaetes were the most well
crab, Limulus polyphemus, and the anemone represented group of the 27 higher taxa identified,
Epizoanthus americanus were collected only in with 152 species accounting for 43% of the

winter, total number of species (Table 12, Figure 18).

Polychaetes also accounted for a similar
Species in groups J and K were highly proportion of the number of species within each

faithful to stations comprising site groups of the sites sampled (control, disposal, and
I and 2, respectively; however, they were not "down current"). Amphipods, pelecypods
consistently collected at those stations. (42 species each), gastropods (36 species), and
These two groups constitute a summer assemblage decapods (33 species) were the -ther diverse
of organisms in the study area, with all taxa and together with the polychaetes comprised
members except the flounder Ancylopsetta about 85% of the total number of species. Only
quadrocellata and the bryozoans Microporella minor differences occurred between control,
ciliata and Tryptostega venusta occurring disposal and "down current" sites with respect
exclusively in summer collections, to the proportional contribution of these major

taxa (Figure 18). The relative importance of
In conclusion, the community structure these taxonomic groups was also very similar to

of fishes and epifaunal invertebrates in the that observed in the Charleston DMDS, where
study area is influenced by seasonality. The polychaetes contributed 43% and the same five
number of species was significantly higher in dominant taxa contributed 82% of the total
sumer. Furthermore, species assemblages number of species (Van Dolah et al., 1983).
differed noticeably between winter and summer,
with several species occurring during only In terms of numerical abundance, pelecypods
one season. Although the total number of were dominant when all stations were considered

species was lowest in the disposal area, together (34%). Pelecypods were also the most
comparisons of species composition between abundant organisms at disposal and "down current"
sites indicated that lower diversity resulted stations (Table 13, Figure 18). At control
from fewer sessile organisms, mainly bryozoans stations, however, pelecypods ranked second
and cnidarians. This suggests that less to polychaetes, and amphipods were relatively
substrate was available for colonization by more important than at the other sites.
sessile organisms in the sampled portions of Additionally, the relative abundance of
the disposal area. However, lesser amounts lunulitiform bryozoan rolonies noted at disposal
of substrate such as wood and shell in the and "down current" stations was not apparent
DMDS are probabl not relited to past within the control site. It should be noted
disposal activities, that these brvozoans were sorted and identified
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Table 11. Species groups resulting from numerical classification of data from samples collected
by beam trawl. (Al - Algae; Ar - Arthropoda; Bry - Bryozoa; Ch - Chordata; Cn - Cnidaria;
Ech -Echinodermata; Mo -Mollusca; Po Porifera).

Group A Group F

Pilumnus sayi (Ar) Mellita quinguesperforata (Ech)
Telesto fruticulosa (Cn) Prionotus carolinus (Ch)
Actiniaria A (Cn) Pagurus pollicaris (Ar)
Asterias forbesii (Ech) Membranipora arborescens (Bry)
Squilla empusa (Ar) Balanus venustus (Ar)

* .Urophycis regius (Ch) Crepidula Plana (Mo)
Busvcon caries (Mo) Calliactis tricolor (Cn)

Crepdulafaricata (Mo)
Group B Leioatomus xanthurus (Ch)

Cancer irroratus (Ar) Group G
4e-opanope sayi (Ar)
Aplidium constellatum (Ch) Symphurus plagiusa (Ch)

Ovalipes ocellatus (Ar)
Group C Scophthalmus aguosus (Ch)

Brevoortia tyrannus (Ch)
*Hippoporina contracts (Bry) Anchoa mitchilli (Ch)

Hippaliosina rostrigera (Bry) Ovalipes stephensoni (Ar)
Centropristis striata (Ch) Portunus gibbesii (Ar)
Lytechinus variegatuq (Ech) Trachypenaeus constrictus (Ar)
Asteroidea A (Ech) Libinia emarginata (Ar)
Arbacia punctulata (Ech) Ha~lecium sp. (Cn)
Astropecten duplicatus (Ech)
Busycon canaliculata (Mo) Group H

Group D Tenac jells obliqua (Po)
Trinectes maculatus (Ch)

Reptadeonella hat4aae (Dry) Ascidiecea A (Ch)
Parsmrittina nitida (Bry) Limulue polyphenus (Ar)
Portunus epiniinanus (Ar) Ep-izoanthus americenue (Cn)
Membranipora tenuis (Dry)
Astrangia astreiformis (Cn) Group I
Etropus crossotus (Ch)
Schizoporella errata (Dry) Raja ealanteri. (Ch)
Hippoporina verrilli (Dry) Hexapanopeus anguatifrona (Ar)
Chmain macerophylla (Mfo) Acetes americanus (Ar)
Elfectr-amonostachys (Dry) Persephona mediterranea (Ar)

Citharichthys macrope (Ch)
Group E Callinectes eapidue (Ar)

Porcellana sayana (Ar)
Micropogonias undulatue (Ch)
Arenaeue cribrarius (Ar) Group J
Pagurus longicarpus (Ar)
Cvnosclon regalia (Ch) Lolliguncula brevie (Mo)
Call inectes siinilis (Ar) Hydractinia echinata (Cn)
Hepatus 2,he4iticu (Ar) Penaeus setiferus (Ar)
tLarimus fs istus ( Ch) Menippe mercenaria (Ar)
Pensiaeus aZtecup iztecus (Ar)
Stellifer lance'latus (Ch) Group K

0 Sclerodacty birus (Ech)
Sargassum natans (Al) Microporella ciliata (Bry)
Aplidium sp. (ch) Polinices duplicatus; (Mo)
Rhinoptera bonasue (Ch) Ancylopsetta guadrocellata (Ch)

Tryposteita venueta (Bry)
Eupleura caudata (Mo)
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4 -4

Table 10. Summary of biomass (kg) for organisms collected with the beam
trawl.

Winter Summer

Control Stations x = 1.26 x 2.87

S-= 0.5 4 S-- 0.51

n 5 n= 5

Disposal Stations "R 1.844 x 1.38

ST 0.64 Sx = 0.58

n 5 n 5

Down-Current Stationss 3 = 1.13 x = 3.93

S.- 0.61 S_ 1.52
x x

n 3 n 3

a,

A

I
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numbers of tows were made in the disposal and (C. Wenner, pers. comm.). Undoubtedly, hi,'her
control areas, whereas the "down current" area estimates of total biomass would have been
was sampled less frequentlv. These data suggest obtained if a sampling gear which was more
that the diversity of invertebrates and fishes effective in capturing fish had been used.
collected by trawl was lower in the disposal
area. Van Dolah et al. (1983) also found fewer Normal cluster analysis of data
species in the disposal area near Charleston resulting from beam trawl collections identified
Harbor, but attributed the lower total number five distinct site groups based on similarity
of invertebrate species there to the smaller of faunal composition (Figure I). There
number of stations sampled rather than to any was no tendency for stations to be grouped
disposal effects. Examination of species lists according to area since all groups contained
from the present study (Appendix 4) indicated stations located both inside and outside the
that a greater number of bryozoans and cnidarians disposal area boundaries. However, stations
were present in collections from control and were grouped by season indicating that species
"down current" sites than in the DMDS. The composition in the study area was different
increased number of these sessile taxa is between winter and summer.
probabl' related co the patchy occurrence of
hard substrate, primarily shell and wood, Inverse cluster analysis of the 81 species

suitable for colonization at those sites. There which occurred in two or more collections
was no evidence of extensive hard bottom at produced 11 groups (Table 11). Nodal diagrams
any of the sites, and consequently, the total were used to describe the distribution of
number of invertebrate taxa (126 species) was species in terms of their relative constancy
considerably lower than that reported for hard and fidelity to site groups (Figure 17). As
bottom areas farther offshore in the South indicated by nodal analysis, species in group

* Atlantic Bight (Wenner et al., 1983). Values A were highly restricted but only moderately
of a, however, were comparable to those reported constant at stations in site group 5, which
by Hinde et al. (1981) and Van Dolah et al. were sampled primarily in winter (with the
(1983). On the other hand, the number of fishes exception of CSlI). Species in this group

collected (28 species) was much lower than are common inhabitants of the nearshore coastal
previously reported for Winyah Bay (Wenner habitat, but are apparently restricted in their
et al., 1981: Hinde et al., 1981; Allen et al., distribution. For example, Busvcon carica, the
1982) or the nearshore coastal region of the species chosen for pollutant-uptake assessment,
South Atlantic Bight (C. Wenner, pers. comm.). was collected at only two stations, CS05 and
The low number of fish species in beam trawl DC03. The spotted hake, Urophycis regius, was
collections probably resulted from their ability limited in both its spatial and temporal
to avoid the sampling gear. The narrow mouth distribution, being collected only at "down
opening, slow-towing speed, and small area current" stations in winter (Appendix 4).
swept by the beam trawl makes it an inefficient

method of collecting fish, many of which are Group B included three species which
found higher in the water column or can outswim were neither consistently collected nor
this gear. restricted to stations in any site group. The

rock crab, Cancer irroratus, which is a common
Comparisons of mean biomass between areas inhabitant of coastal waters off the New England

and seasons revealed no significant difference and Middle Atlantic states (Williams, 1965)
for either factor (Fseason[l,2] = 2.205, was collected only during winter sampling.

Farea[2,21 = 0.401; P > 0.05) (Table 10). Based
on 3-m mouth spread and a tow distance of 500 m, Species in Group C were also neither very

* the area swept by the beam trawl was constant nor faithful to stations in any site
calculated to be 0.15 hectare/tow. Total group; however, every species in this group
biomass estimates (kg/ha) for the areas sampled except Busycon canaliculata was collected
during our study area were: exclusively in the control area. Two species

in this group, the bryozoan Hippaliosina
winter sumner rostrigera and the starfish Asteroidea A,

were collected only in summer.
Control Stations 8.4 19.1

Group D is comprised of species which
* Disposal Stations 12.3 9.2 were fairly ubiquitous throughout the study

area but were consistently collected only at
"Down Current" stations in groups 2 and 5. These species were

Stations 7.5 26.2 also well represented in collections from both
seasons, with Chama macerophylla being the

Wenner et al. (1981) obtained lower values for only species which occurred solely in summer
biomass of decapod crustaceans and fishes in (Appendix 4).
the Winyah Bay system. However, Hoese (1973)
reported values of 10.7 kg/ha for fishes and Group E contained species which are common
6.1 kg/ha for invertebrates in Doboy Sound, inhabitants of the nearshore coastal habitat
Georgia. In the nearshore and coastal in the outh Atlantic Bight. These species
habitat of the South Atlantic Bight, biomass were most consistently ollected during summer
estimates for fishes of 13 kg/ha have been at stations in 4raup 1. Those qpecies which
obtained in winter and 12 kg ha in summer were olLpted exc!us;ivelv during summer
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C his bivalve t.pical l spends most of its time on season: diversit. tH'), veines, (J'), species

the top of the substrate rather than buried in it, richness (SR), number ,! species, and
:limtin4 cn cits of smell ')v means of its foot abundance (Yigairo 2').

and leiicate b,'sal threads 'Harry, 1966). It

has Previ.,as.i. 'een reported as in important Average !iversit; was greatest in the

member of the bent's," acrofauna in the entrance control ite ari it was most variable in the

channel o, 'iravaa BIy (1inde et al., 1981), disposal site wtwre values of 1.4 and 5.8

where it was 1argely restricted to sandy sediment, were obtained at DIll (winter) and DS08
in the present stu, it was significantly more (summer), respectively. Within each particular

dense in the ontr'l site than at the disposal area, diversity was generally greater during the

and idi current" stations during winter sampling summer. Diversity noted at the control site

(1' . 1. l), a'tsugh no such pattern was observed during both seasons was similar to the rather

amonc o-olle'tions tasen during the summer high values reported in the Charleston DMDS

(Figure l a. (Van Dolah, et al., 1983), while diversity

noted in the disposal and "down current" sites

The !ifth most ibundant species was the was more typical of similar nearshore

solitary asc.: ln, *vra vittata. This small environments in the Middle Atlantic Bight

ascidiar. is f.ound in shallow water attached to (Boesch, 1972; Boesch et al., 1977) and

small bits of oe.I or stone (Van Name, 1945; further north (Saila et al., 1972).

Plough, ls78). )s:attern of density among our

stations resemblea that of C. martinicensis and No obvious differences in evenness (J')
C. doma. in that it was most common in the summer were observed among sites; however, a consistent

in the aisposal site 'iFigure 19). Like those seasonal pattern was detected with average

species, however, this pattern was not statistically values of ' being greatest during the summer

significant 0P (.05). Comparisons of mean at all areas (Figure 20). Like H', this index

densities among sites and seasons for the remaining was also highly variable among disposal

dominant species resulted in only one other stations, and extreme values were observed at

significant lifference. During both seasons, DS08 and DSIl, the same stations which

the 'ol'ciaetc 
M
ediomastus californiensis was exhibited extreme H' values. In the winter,

more abundant at control stations than elsewhere DS11 was heavily dominated (> 81%) by

(Figure 19). and in winter the difference between E. directus (Appendix 7), which reduced species

CS stations and DS stations was significant equitability (J' = 0.3), whereas the four

(P , 0.o5). dominant species in summer collections at

DS08 comprised only 24% of the total number
.he two most abundant macroinvertebrates of individuals at that station (Appendix 8).

collected in the Charleston DMDS were the

lancelet Branchiostoma caribaeum and the Species richness (SR) was greatest at
* sipauncrulid \spidvsirahon gosnoldi (reported as control sites, where it exhibited rather marked

" A. sninalis; Van aoah et al., 1983). Although variation among samples (Figure 20). The

A. 4osnoldi was also found in higher densities highest value was observed at CS1O during

in the ;eorgetwn DMDS (Figure 19), B. caribaeum winter (23.9), while the lowest value occurred

was not nearlv as common (Appendices 5-10). at DC03 during that season (4.6). Control

.his difference between the two disposal sites stations also differed from disposal and "down ..

is noteworttav, although not easily explained, current" sites in that winter samples had
lt 'muld be due, in part, to the relative higher SR than those taken during summer.

mohilitv of the lancelet, which is often taken
in sar, race water samples (Boschung and Gunter, Comparisons of overall faunal abundance

!962). and to differences in the availability at stations within each site indicated that
,af suitable shell substrate, which is necessary densities were generally highest at the control

* for large populations of the nestling sipunculid site during the winter, with a maximum of

,:tler, l17a ). 3,120 individuals per 0.5 m
2 

at CS1O (Figure

20). The lowest average density was observed

The spionid polvchaete P. pinnata, which at "down current" stations, with only 78

was , ndant during the summer in the control individuals per 0.5 m
2 
collected at DC03.

n 1 "l,%m curr'nt" sites, was also among the Overall faunal abundance was highly variable

a e :,-; collected during October in among the stations (Appendix 11); however, no

tem nr am-c mnnel to Winyah Bay (Hinde et statistically significant seasonal or spatial

a.. ,',:. m that studv. it was found in patterns of total abundance were detected

ner 17.-1 ' t ,' he channel (, 93% silt and (P > 0.2).

s'. tan. i: mther studv of dredge spoil

,a! r it ppears to have been The average number of species per station
transr'- ' t'' e disposal site via dredged was highest in the control site during winter

mat.'ria aII ! lah t I. , 1979). (Figure 20), where as many as 193 species were

obtained in 5 replicate 0.1 m' samples at
, 'ersiv -'f rhe benthic communities CSIO (Appendices 5 and 11). The fewest

was ,'? re. ',!ng si o and seasons using species were collected at the "down current"

aever. :n-!i e . tmmunitv straature site, where winter collections at DC03 vielded
'Armndix i!. a a, ilitat,- this comparison, only 21 species in the five grab samples

"ha aver,. -.. , 'f "ich " the following (Appendises 9 and 11). Coincidentally, these
ai:.r ameters was 'l ttei t,)r ea(h site and were the same stations having the highest and

0/
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lcwest ,,:ver il tuna Jen- ities, respectiveIy. between situs wa: it l .ngr ipparent in the

The difference in mean number of species between summer. when station groups were either
CS and ') Ctations was si nlficant during the broadly distributed hroughout the study

winter period 1 .2), but by summer the area, ,r limited to k single station

difference oetween are.is was no longer significant (Figure 23).

rhe invers;e :lassification produced

The rel.tivelv high number of species, seven species 4roups which were dissimilar

funal density, ind dversitv of the benthic to one anotner in terms of their occurrence

community observed during winter at the control and abundance among station groups (Figure l
stations (-igure t)) may be related to differences 24, Table 16). 'odal diagrams were

between sediments in that area and those of the constructed to illustrate the distribution

disposal m4 "own current" areas. Qualitative of species groups among "fixed" site groups

observatins Auring the winter sampling period (CS, winter and summer; DS, winter and summer;

indicated the pre-nce of finer sediments in DC, winter and summer) in order to elucidate

" sample-3 from ill five control stations. Similar possible differences between these sites

sediment. were hserved at only one other and/or seasons.

station in the disposal and "down current"

sites during that season. In summer, however, Species group A contained a large
measurements oi sediment texture indicated no number of ubiquitous species that included

significant differences in the proportion of most of the numerically dominant organisms
fine-grained (silt and clay) sediments among (Tables 15, 16). These species were highly

control, disposal and "down current" sites constant at all sites, especially in the
(Table 6). During this period, no obvious control area, and consequently showed only

differences were noted between control stations low fidelity to site groups (Figure 24).
* and the others based on species richness, Several species in this group, including

diversity and overal: abundance (Figure 20). C. lunulata, Amphiodia pulchella, and

" It is unlikely that the distribution of these Metharpinia floridana were restricted to

finer sediments during the winter is related sandy sediments in the Georgetown entrance

to previous lisposal practices. Naturally channel (Hinde et al., 1981), although no

occurring sediment transport is extensive such sediment preferences are apparent from

throughout the study area (Figure 2), and the their distribution in the present study.

finer sediments in the control site during
winter were probably a result of such processes. Group B consisted mainly of polychaetes,

ophiuroids and mollusks that were highly

Normal cluster analysis produced five constant among control stations during the

groups of stations with relatively high internal winter. Their constancy at other sites r
similarity (Figure 21). Some seasonality in was moderate to very low, and as a result

community structure was apparent from the this group was moderately faithful to the

arrangement of entities within the dendrogram, control area. This was the only species
since all but one group consisted predominantly group that was even moderately site-restricted

of collections from one season or the other. (Figure 24). Species in group C showed

Station groups 2 and 3, for example, were moderate to low constancy and low fidelity
comorised exclusively of summer samples, while among all site groups.

groups 4 and 5 were primarily winter collections.
Croup I was an equal mixture of samples from Species in groups D and E showed

both seasons. greater similarity to one another than to

any other groups, and the distribution of
All sampling sites had three stations their component species among site groups

* which were sampled during both seasons (CS02, was very similar (Figure 24). These species

09, 13; DS03, 06, 13; DCOI, 02, 03). Seven showed seasonal variation in abundance at
of those stations had winter and summer all sites, with constancy in summer samples
collections located in different station groups being consistently greater than in winter.
(Figure 21). The remaining two were control They were also more constant at control and

stations, : SO9 and CS13, indicating smaller disposal sites than at "down current" sites,
seasonal differences in community structure although they were not highly restricted to

this ,it thin elsewhere. In fact, group 1, any area (Figure 24).
w which wa', equilly epresented by samples from

1oth season-, ontained nearly all of the CS Group F contained several of the more
imple, with the only exceptions being CS02 abundant species, including P. tridentata,

and 'I2) i ummer amples. C. martincensis, P. vittata and A. gosnoldi

(Table 15, 16). All of these species, except
'e ocition of sampling sites belonging to A. gosnoldi, were greatest in abundance at the

each -,f the winter station groups further disposal site (Figure 19), and this is

illustrates 
t
he difference between the control reflected in the high constancv of this group

ite o nd other s ites (cigire 22). During this at that site (Figure 24). High constancy was
sea-n, -h, ontrl S itions were highly also observed for this group at the "down

di.niii ir Thl, "]oJwn ourrcnt" and disposal current" stations during summer. Fidelity

qtations, with 4rolr ! ,-ing mo st dissimilar for this group was low at all sites.
t r 'ups ind ( 1i igr . '1. This distinction

"~0
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Table lb. Species groups resulting from inverse cluster analysis of grab samples. (Am -Amphipoda;
As Ascidiacea; Ce - Cephalochordata; Cu -Cumacee; D = Decapoda; E - Echinodermeca;I
I Isopoda; M - Mollusca; My -Mysidacea; P -Poiychaeta; Si - Sipunculida).

ro Group D

31 ig ~<taAncisttosvllis hartmenae (P)
MIedion..istus californiensis (P) Citrophorus lyriformis (P)
Nemert inea Goniadides carolinse (P)
Nesa t ode Mysidopsis bigelowi (My)
Cressinella lunulata (M) Amaena trilobata (P)
Amphiodia pulchella (E) Tiron tropakis (Am)
hemipodus roseus (P)
Sabellaria vulgaris (P) Group E
Fagurus hendersoni (D)
Batea catharinensis (Am) Caulleriella killariensis (P)
Ensis directus (M) Sigambra bassi (P)
Folvgordiidae A (P) Ampharete americana (P)
Act inila rila Schistomeringos rudolphi (P)
Pci ecvpoda Prionospio cirrifera (P)
Maidanidae (P) Owenia fusiformis (P)
Unciola serrate (Am) Aspidosiphon albus (Si)
Polycirrus eximius (P) Drilonereis magna (P)
Automate evermanni (D) Pareonidiae (P)
Eulalia sanguinea (P') Leptochela serratorbita (D)
Pinnixe sp. (D) Tiron triocellatus (Am)
Spiophanes bombyx CP) Trachypenaeus constrictue (D)
Nephtys picta (7) Parepionsyllis sp. A (F)
Glycera ap. A (P) rms alni (y
Glvcera dibranchiata (P) rysaaatia()
Erlchthonius brasiliensis CAm) Croup F
Exogone dispar (P
Metharpinia floridana (Am) Natica pusilla CM)
Acanthohaustorius millsi (Am) Travisia parva (P)
Oxyurostylis simithi (cu) Branchiostoma caribaeum (Ce)

Mellita quinquiesperforata (E)
Group B Ancinus depressus (I)

Eudevenopus honduranus (Am)
Crepidula forniceta (M) Glycere oxycephale (P)
Podarke obscure (P) Fleuromeris tridentata (M)
Ophiuroides (E) Ophelia denticulata (P)
Bhawania goodei (P) Pyura Vittata (As)
Hemipholus elongata (E) Crassinella martinicensis (M)
Nereis sp. (P) Aspidosiphon gosnoldi (Si)
Nereis succines (P)
Notocirrus spinferus (P)GruG
Fetricole pholadiformis (M)GruG
Pelecypoda B Magelona phyilisse (P)
Polydora caeca (P) Magelona rosea (P)
Cirolena polite MI Pareprionospio pinnate (P)
Cirratulidee (P) Mulinia lecerelis CM)
Nucula proxima CM) Felecypoda
Elasmopus levis (Am) Sigambra tentaculata (P)

Bowmaniella sp. (My)
Group CBowmaniella brasiliensis (My)
Group ~Abra aegualis CM)

Tharyx annulosus (P)
Brania clavata (P)
Ampelisca vadorum CAm)
Spiophenes sp. A (P)
Diopatra cuprea (P)
Turbelleria
Tharyx marioni (P)
Invertebrate D
Farvulicina iultilineats CM)
Pseudeurvthoe mb u (P)
Frionospio fallax()
Spin pettiboneae (P)
Ervilia concentrics CM)
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Final'y, group C consisted of a number of Tissue Chemistry

species which had moderate constancy and low

fidelity t, ill ireas during the sumer; lower "actors influencing contaminant

values were consistentl noted during the winter, concentrations in marine organisms include

Nearlv half f the species in this group have the size and health of the organism, its

been shown t: rerer riner iediments with a feeding habits, and its physical location

significant silt or clay content. Hinde et al. (i.e. within or above the bottom sediments,

(1981) found '. Dinnata, Mulinia lateralis, in the water column, etc.). Depending

and Sigamora tentaculata to be most common in upon the )rganism's ability to concentrate

muddy sediments at LWinvah Bay, and Magelona a particular contaminant, tissue levels may

phvllisae and ". ninnata were found in more differ greatly from those in the surrounding

silty sediments of nearshore waters on the environment. For example, oysters examined

Fexas continental shelf (Flint and Rabalais, in the Wando River near Charleston were

1980). found to have copper concentrations

> 200 ug/g, whereas copper levels in the

Results of the present study suggest that water were below the detection limit (Mathews

there have been no long-lasting effects on the et al., 1979). Some typical examples of

benthic infaunal community in the Georgetown trace metal concentrations in edible tissue

DMDS as a result of past disposal activity, as as follows: 4.0-5.0 ppm arsenic in

This community was ch-.racterized by large crustaceans 0.1-0.3 ppm cadmium in molluscs

seasonal and spatial variability in species and crustaceans, 0.3-0.4 ppm chromium in

composition and abundance, which is typical hard clams (Mercenaria mercenaria) and

for nearshore environments throughout the South oysters (Crassostrea virginica), 2.0-3.0

Atlantic Bight (US EPA, 1982). Several note- ppm copper in hard clams and 30.0-40.0 ppm

worthv differences were observed, however, copper in oysters, 0.5-0.8 ppm lead in

between the infaunal biota of the Georgetown molluscs and crustaceans, < 0.3 ppm mercury

DMDS and the infaunal communities described in crustaceans and < 0.1 ppm mercury in

by the US EPA (1982) off Savannah, Charleston, molluscs, 0.2-0.4 ppm nickel for crustaceans,

and Wilmington. and 10.0-20.0 ppm zinc in hard clams (Hall

et al., 1978).
Sediments in the Savannah, Charleston, and

Wilmington (SCW) DMDS were characterized Trace metal concentrations in tissue

primarily as fine to medium sand (US EPA, samples from the three sites sampled during

1982), while those in the Georgetown site were this study were consistently within the

typically medium to coarse. In addition, limits described above, indicating no

greater numbers of species were collected from unusual accumulation of metals in organisms

stations sampled during the present study than from this small geographical area.

from the SCW-DMDS. Other studies off the South Appendix 12 presents data for all metals

Carolina coast, however, indicate that the number analyzed, while Table 3 shows the maxima.

,f specieb observed at these Georgetown stations Cadmium, chromium, nickel, lead and mercury

may actually be more typical of similar nearshore were all below their particular detection

environments in the vicinity (Knott et al., limits and well within the scope of values

1983b; %an Dolah et al., 1983). Finally, the reported in the survey by Hall et al. (1978).

dominance of the SC-.4-DM)S by small-bodied deposit- Both arsenic and copper fell within the

feeders (IS EPA, 1Q82) was not observed in the above limits, with values of 1.67-2.34 wg/g

Georgetown disposal site, where the five most and 6.15-9.65 ug/g, respectively. Although

abundant species were the suspension feeders zinc was somewhat higher than the

F. directis, C. martinicensis, C. doma, concentrations listed above (50.77-53.61 Ig/g),

7. lunulata and P. vittata. oysters commonly contain zinc ranging from

300-400 ppm (Hall et al., 1978).

Although some of the effects of dredged

material disposal, such as increased turbidity, No pesticides or PCBs were detected in

may be transient or localized (Windom, 1976), any of the tissue samples using detection

the impacts of such a disruption would certainly limits of > 50 ppb. Consequently, we assume

be more severe on a suspension-feeding community these contaminants are present in trace

such as that found in the Georgetown DMDS, than quantities only.

on a communil, dominated by deposit feeders.

The effects of disposal would be even more

obvious if the textural characteristics of RECOMMENDATIONS AND SUGGESTED MONITORING PLAN

disposed sediments were significantly different

from the medium-coarse sandy sediments observed The Georgetown DMDS is an easily

throughout this study area. The importance of accessible area for monitoring the effects

matching the physical characteristics of the of dredged material disposal. Based on results

dredged material as clsely as possible to the obtained from this study we have several

substrate found in the disposal site, in order recommendations related to environmental

to minimize porntii! li runtIon to the benthic and biological assessment in future monitoring

community, ,as !been -'r-vimqlV acknowledged efforts.

(Windo'. . 'S PA IQAI).
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II Hdroqraphic sampling conducted during o) The benthic cormmunity assessment in
the present tudv provided a satisfactory data the DMDS, control and "down current" areas
base :or a 4eneral evaluation of oceanographic provided sufficient data on present community
conditions. his sampling effort would not composition, as well as information on the
have to be expanded in future assessments, temporal and spatial distribution of

dominant fauna. Because negative effects
2) Sampling for trace metals and organic of past disposal activities were not noted

pollutants was also sufficient in terms of the in this study, future monitoring activities
array of pollutants examined. However, the in the Georgetown DMDS area should not need

current detection limits for pesticides and to be intensive, unless (1) a significantly
?CBs suggested by Pequegnat et al. (1981) may larger amount of sediment is disposed in the
be too high for a proper evaluation of area or (2) sediments are disposed in the
potentially toxic conditions. McKee and Wolf DMDS which are significantly different from
(1963) and Bookhout and Costlow (1976) indicate those naturally present. Disposal of larger
that trace amounts much lower than the suggested sediment volumes and/or disposal of finer
limit of these compounds (' 50 ppb) may be sediments from Winyah Bay, especially from
lethal to certain organisms. Therefore, we around Georgetown Harbor, could possibly have
recommend lowering detection limits to at more severe and long-term effects on the
least 1-5 ppb for the PCBs and pesticides benthic infauna in and near the DMDS. These
tested. Priority should be given to testing effects would most likely be due to direct
pollutant levels in sediments and animal burial, changes in sediment composition and
tissue rather than in water since the hydro- increased turbidity (Morton, 1977). Thus,
graphic conditions in the study area are so intensive biological monitoring would be
variable, needed for impact assessment.

3) Sedimentological analyses in this 7) Any future monitoring program should
study were limited to only one season, but consider seasonal effects on benthic community
qualitative observations during the other composition. If possible, priority should
season suggested temporal differences in be given to summer and winter periods for
sediment composition. Therefore, sediment best comparisons with data obtained from this
composition and grain-size analyses should be study. Infaunal assemblages represent the
conducted concurrent with every future most important biological component for
biological sampling period for a better assessment of impacts from disposal.
understanding of faunal distribution patterns. Epifaunal assemblages are also important,
Assessment of contaminants in sediments particularly for collection of large animals
could be limited to the sampling period(s) for tissue analysis, but assessment of impacts
immediately following disposal operations, on this group is more difficult, since most
If high levels of pollutants were then epifaunal species are relatively motile.
detected, an expanded follow-up sampling
program should be conducted for those
pollutants. As noted previously, information obtained

in this study indicates that past disposal
4) Review of topographic data available practices in the Georgetown DMDS have not

for the Georgetown DMDS area did not reveal resulted in detectable negative impacts to
any obvious mounding from previous disposal resources and biota in and near the existing
activities. To Setter evaluate potential disposal site. Therefore, use of this area
effects of disposal on benthic communities for disposal of outer-channel sediments
in the DMDS, the Corps of Engineers should (similar volumes) can be continued, although
require dredge operators to provide precise consideration should be given to avoiding
Loran-C coordinates for all disposal seasons critical to the sturgeon and shrimp
activities. Loran-C receivers are inexpensive fisheries. Alternatively, the site could be
and sufficiently accurate to locate potential relocated further offshore to avoid seasonal
mound sites. Additionally, we recommend restrictions related to these fisheries. The
that detailed bathymetric profiles be obtained present location of the DMDS may not be
for the DMDS area immediately after a suitable if finer sediments were disposed in
disposal period, and then again at reasonable the area, due to the strong tidal currents
intervals for at least one year following present and the location of the DMBS relative
disposal. Fhis would permit placement of to shrimp and sturgeon fisheries and turtle
future monitoring stations in known disposal nesting &counds. Our present information base
areas and help in evaluating dispersal of is insufficient to predict the effects of
sediments over time. offshore disposal of fine sediments on these

resources or on benthic communities.
5) Based on the poor visibility and

dangerous current conditions in the study
irea, we recommend deletion of scuba diving
in nv future monitoring efforts.

.1
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5. Sd iment ma lvses ind cated that nottom

Summary and Conclusions sediments at mo.t ,The sampling sites
consisted of medium to coarse sands with

j. :'he eretown ean tredged Material very little 1, I') silt and clay. otations
Disposal ite 4ai. asse-sed to provide baseline to the south of the DMDS had consistently
.ntr'rma - .: ''.I _onditio7ns related to finer-grained sediments than those in the
thevdrcrh., bottom sediments and benthic DMDS and control areas, but no statistically
, utI.. '-'ee rv sr-as to the north and significant lifferences were noted among sites.

south. is; .L tn tohe entrance channel to Sediments were low in trace metal and organic

;eorgetow4 o horor, we-p also issessed for contaminant oncentrations. Comparisons
Lomparisou wi:". .. !dition found in the DMDS. with other studies indicated that sediments

in and near the ieorgetown DMD5S cannot be

considered polluted. No hard bottom areas ?

-. rvev, x4 -tinz information related were found in the entire study area.
to living nm l iving resources in the
region artund Winvah Bav generally supported 6 Benthic epifauna and fished captured in
conclusions an! -onditions described by the Bnhceiaaadfsecptrdn
!nSi (ns a' o ion dscribChalebthe beam trawl collections were typical of those
.S EP (lm n 'Dr. theavnna Carlourceson from sand bottom habitat of South Carolina
a-'d Wilmington '.)P;S. onecific resources

coastal waters. Community structure was
whih gt beS i 'cded bye shispand theinfluenced by season, and the number of species
(eorgetown 1511S inclode the shrimp and

Atlantic sturgeon fisheries, and loggerhead was significantly higher in surmner. Species

turtles tnesting). 'he sturgeon fishery assemblages differed noticeably between

is the most localized 2f these three resources, winter and summer, with several species
isd noccurring during only one season. Although
and tin'aah nma is the site of the biggest
fisher'.' for this species in the Sea Island the total number of species was lowest in the

region. Other living and non-living resources disposal area, comparison of species composition

in the study area will probably not be affected among the sites indicated that lower diversity

by lisposal f oredominantlv sandy sediments resulted from fewer sessile species, mainly

rom the ,uter reaches of the Win'ah Bay bryozoans and cnidarians. This suggests that

entrance hannel. Discosal of finer sediments less hard substrate was available for
colonization by sessile organisms in portions

oml ceorgeto iarbr -nor othrreas, oeer of the disposal area, although lesser amounts
would possibl ssrae teore etrimental effects
on the surrounding resources due to increased of hard substrate lie, wood, shell) in the

turbidities and changes in sediment composition. D5DS were probably not related to past disposal

Sufficient studies have not been conducted in activities. Tissue analysis of whelks (Busycon _
hsfl evaluate the consequences carica) collected in and near the DMDS did not

of fine-sedimen disposal in offshore sand reveal any high concentrations of contaminants.

bottom areas.

7. The infauna collected in grab samples at

3. Sampling wis :'n(ducted -at five sites in the the 13 offshore stations were numerically

DMDS, five ;ites !n i -- L area north of the dominated by pelecypods, polychaetes, amphipods

DMDS, three 'd,,wn ,irrent- sites south of the and bryozoans. Polychaetes were the most

DMDS. and tw- channel sites. The number of diverse taxon. Cf the 357 species collected,
samples virie, -it each site, but hydrographic, many were rare or limited in their distribution.

sediment and bonthic grab and trawl samples The dominant species, however, were generally

were collcted it most stations during summer ubiquitous throughout the study area and

and winter ;easons. exhibited considerable temporal and spatial
variation. No significant differences could
be attributed to past disposal activities with

Standard hvdrographic factors, which included respect to species composition or faunal density

temperature, salinity, dissolved oxygen and among the control, disposal and "down current"

turbidity were within the limits normally sites. Unlike the deposit-feeding communities

encountered al z g the South Carolina coast, previously described for the SCW-DMDS, the

home seasonal md spatial differences were Georgetown DMDS and vicinity were characterized

discerned fir oach a-ror. High runoff via by a seasonally variable, diverse community of

".'nvah Ba'v re-ilted in reduced salinities and suspension-feeding organisms. Numerical

tncr'>sd rtl~dit he; it ;ome sites. Moderately classification of the data illustrated some
iih t o - i:i sumrmer may have been the differences in similarity between stations in

res~it t "' r;cnt ;hrimp trawl ing in the area. the control site versus those in the disposal

currents in the D!,fils aopear to be largely tidal, and "down -urrent" areas, particularly during

ilthouih ' re -viden, e fi a southerly nearshore winter. These differences probably were not

urr-,t " -i, 7 Tra-e contaminants in related to previous disposal practices. Rather,

water ,I'eto 'sora wi'hin or below ranges noted they were most likely due to natural variability

in ther itra, : the +outh Atlantic Bight. in sediment composition. Cluster analysis also

Manv rac- me- il- re eljw detection limits, as indicated that most of the abundant and
eP Bs in) o ;ri ies tested. frequently occurring srocies were widely

distributed throughout 'he studv area.
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Il

Appendix 2. (Continued)

CHO CS05 DS08 DC02 CONTROL SPIKE

Total unresolved
Hydrocarbons by

YC Dgl D ND ND ND ND

Sum of the

n-Alkanes .3/1 229.01 159.64 ND 23.37 ND

Sum of the even
n-Alkanes .g/1 104.22 115.35 ND 9.62 ND

Sum of the odd
n-Alkanes ug/1 124.79 44.29 ND 13.75 ND

Unresolved Hydro-

carbons/Resolved ND ND ND
Hydrocarbons g/l 416.63 259.98 ND 170.18 ND

Pristane + Phytane/ ND ND ND
n-Alkanes .g/l 229.01 159.64 ND 23.37 ND

Pristane/n-C17 ND ND
14.36 2.40 ND ND ND

Pristane/n-CI8 ND ND ND
8/I 2.73 1.47 ND 9.62 ND

Pristane/
Phytane ig/l ND ND NiD ND ND

n-Alkanes/Branc-ed 229.01 159.64 23.37

Hydrocarbons wg/1 NA NA ND NA ND

3Oil and Grease
mg/i 3.0 3.0 4.0 4.0 5.0

Odd n-Alkanes/ i24.79 44.29 9.62
Even n-Alkanes ig/l 104.22 115.35 ND 13.75 ND

Cadmium ug/ 0.8 7.1 1.6 3.4 < 0.1

Arsenic .g/l 78.6 92.8 41.4 32.4 < 2.0

Chromium jg/1 1.4 5.3 4.7 2.1 3.0

Nickel wK/l < 5.0 < 5.0 < 5.0 < 5.0 < 5.0

Copper g/l < 50 < 50 < 50 < 50 < 50

Lead .,g/1 < 1.0 < 1.0 < 1,0 < 1.0 < 1.0

Mercury jg/l < 0.2 < 0.2 < 0.2 < 0.2 < 0.2

Zinc 1/ 265 150 172 172 140

D Not Detected; Detection limit is 50 ppb.
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Appendix 2. Hydrographic chemical analysis from Georgetown DMDS area.
(CH - channel, CS - control, DS - disposal, DC - down current)

CHOl CS05 DS08 DC02 CONTROL SPIKE

1254 PCB -
PCBs -g/l ND ND ND ND ND 100.0% Recovery

" - BHC "gll ND ND ND ND ND

lindaneg/il ND ND ND ND ND 85.2% Recovery

heptachlor wg/l ND ND ND ND ND

n B-BHC ug/l ND ND ND ND ND

aldrin '.g/l ND ND ND ND ND

heptachlor
epoxide ig/l ND ND ND ND ND

p,Pl - DDE ug/l ND ND ND ND ND

O,P I - DDD Pg/l ND ND ND ND ND

O,Pl - DDT ug/l ND ND ND ND ND

chlordane ig/l ND ND ND ND ND

dieldrin ug/l ND ND ND ND ND

endrin ug/l ND ND ND ND ND 89.6% Recovery

p,?p _ DDD g/l ND ND ND ND ND

p -pl _ DDT wg/l ND ND ND ND ND Methoxychlor -

100.0% Recovery
mirex ug/l ND ND ND ND ND

methoxychlor ig/l ND ND ND ND ND

toxaphene ug/l ND ND ND ND ND

Volume of Sample
extracted u g/1 3240 3220 2760 3300 3050

Total resolved
Hydrocarbons by
GC jg /1 416.63 259.98 ND 170.18 ND

0:

S-

" I "_ -'i i . -. . . . - ; -.
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